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Supporting information contents
The supporting information contains information regarding:
• Physicochemical characterisation instrumentation
• Oscillating bed mechanism
• XPS analysis
• Table S1 . EDX analysis of the MoS 2 /C variants showing the percentage atomic composition of carbon, molybdenum and sulphur present. Data is the average of (N=5) of spot/analysis taken over each sample.
• Figure S1 . Tafel slopes corresponding to the Faradaic regions of the LSVs shown in 2(A).
• Figure S2 . XPS spectra of the 45 minute MoS 2 /C sample.
• Figure S3 . High resolution XPS of the (A) Mo and (B) S sections for the 45 minute MoS 2 /C variant.
• Figure S4 . SEM images of the MoS 2 /C variants. Magnetron sputtering times of; (A) 7.5 min, (B) 15 min, (C) 30 min, (D) 45 min, (E) 60 min and (F) 120 min.
• Figure S5 . TEM images and Fourier transforms of the 45 minute MoS 2 /C variant in (A) and (B).
• Figure S6 . Raman spectra of the MoS 2 /C variants.
• Figure S7 . XRD 
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Physicochemical characterisation instrumentation
Scanning electron microscope (SEM) images and surface element analysis were obtained using a JEOL JSM-5600LV model SEM equipped with an energy-dispersive X-ray microanalysis (EDS) package. Transmission electron microscopy (TEM) images were obtained using a 200 kV primary beam under conventional bright-field conditions. The MoS 2 sample was dispersed onto a holey-carbon film supported on a 300 mesh Cu TEM grid.
Raman Spectroscopy was carried out using a 'Renishaw InVia' spectrometer furnished with a confocal microscope (×50 objective) and an argon laser (514.3 nm excitation). In order to avoid over heating of the samples a low laser power of 0.8 mW was utilised. X-ray diffraction (XRD) was carried out using an "X'pert powder PANalytical" XRD that employed a copper source of K α radiation (of 1.54 Å) and K β radiation (of 1.39 Å), with a thin wafer of nickel that had an absorption edge of 1.49 Å to absorb K β radiation. A reflection transmission spinner stage (15 rpm) was employed to hold the MoS 2 /C. The 2θ was set from 10 to100 2θ in order to capture the characteristic MoS 2 peaks.
1 An exposure time of 50 seconds per 2θ
step was employed with a size of 0.013°.
The X-ray photoelectron spectroscopy (XPS) data was acquired using a bespoke ultra-high vacuum system fitted with a Specs GmbH Focus 500 monochromated Al Kα X-ray source, Specs GmbH Phoibos 150 mm mean radius hemispherical analyser with 9-channeltron detection, and a Specs GmbH FG20 charge neutralising electron gun. 2 Survey spectra were acquired over the binding energy range 1100 -0 eV using a pass energy of 50 eV and high resolution scans were made over the C 1s and O 1s lines using a pass energy of 20 eV. Under these conditions the full width at half maximum of the Ag 3d 5/2 reference line is ca. 0.7 eV.
In each case, the analysis was an area-average over a region approximately 1.4 mm in diameter on the sample surface, using the 7 mm diameter aperture and lens magnification of ×5. The energy scale of the instrument is calibrated according to ISO 15472, and the intensity scale is calibrated using an in-house method traceable to the UK National Physical
Laboratory. 3 Data were quantified using Scofield cross sections corrected for the energy dependencies of the electron attenuation lengths and the instrument transmission. 4 Data interpretation was carried out using CasaXPS software v2.3.16.
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Oscillating bed mechanism
The oscillating mechanism used to manipulate the powder came from a vibrating bowl feeder system designed to feed small components from a bowl, around a spiral track at the edge of the bowl and out onto a production line. The original bowl was replaced with a plain flat bottomed bowl of 450 mm in diameter positioned under a pair of co-planar magnetrons which enabled sputtering from two targets simultaneously. The charge of powder is placed in the bowl and the whole assembly was installed in the vacuum chamber directly underneath the magnetrons, giving a target to substrate separation of 120 mm. The bowl oscillates vertically at 50 Hz, but springs connected between the electromagnet and the base plate are designed to also impart a lateral twisting moment to the oscillation. The resulting motion causes particles in the bowl to roll or hop in a circular path around the bottom of the bowl and, thus, over time all surfaces of the particles are exposed to the coating flux. Coating uniformity and thickness are functions of run time, target power and deposition rate (material arrival rate parameters), particle size and shape, and the charge of powder in the bowl (surface area parameters). This system is distinctly different to those reported elsewhere, since the particles in our system are not only oscillated vertically, but also tumble horizontally around the bowl.
XPS analysis
Mo 3d Spectra
The Mo 3d spectra were rather complex. In all cases, two well-defined 3 d5/2 -3d 3/2 doublets were found at binding energies indicative of Mo 4+ (3d 5/2 component at approximately 229.7 eV) and Mo 6+ (3d 5/2 component at approximately 232.6 eV) in agreement with wellestablished reference data. 6, 7 In accordance with established procedures by Briggs and Rivière. 8 the two components of each doublet were constrained in the fitting routine to a separation of 3.13 e and an area ratio of 1:0.6667. Further, the Mo 3d peak envelope was found to overlap with the S 2s peaks. A well-defined S 2s component was typically found at approximately 227.5 eV. The S 2p peak showed the presence of a component shifted to higher binding energy due to oxidised sulphur, therefore an additional S 2s component was added into the Mo peak envelope fit to account for this. Its binding energy was fixed at 5 eV higher than that of the main component, and its area ratio to the 227.5 eV component was determined from the relative proportion of oxidised sulphur found in the S 2p peak.
S 2p spectra
The S 2p peak enveloped from S in a single chemical state is usually resolved into the S 2p 3/2 S5 and S 2p 1/2 components, with a typical separation of 1.13 eV and a peak intensity ratio of 2:1 as expected from the electronic occupancy of the orbitals involved. This doublet is found to shift between different chemical states, however, the separation and peak area ratio remains constant. In this work, it was found necessary in all cases to include 3 2p doublets to allow satisfactory fits to the S 2p spectra. The curve-fitted results therefore look complex at first sight, but are the result of a consistent approach to a tightly constrained model, as for the Mo 3d data. The three doublets represented S as S 2-(e.g. in MoS 2 ) at approximately 162.1 eV, S as elemental S at approximately 163.7 eV, and oxidised S at approximately 168.3 eV, in order of increasing binding energy. 6, 7 There was considerable variation in the proportions of these components, as shown in Table 2 . 
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